In 1989, corn screenings were associated with acute interstitial pulmonary edema, hydrothorax, and death in swine. Attack rate was 5-50%, case fatality rate was 50-90%, and clinical course was 1-2 days. Screenings from farms with pigs affected with pulmonary edema contained 20-330 µg fumonisin B 1 per gram. Screenings containing 92 µg fumonisin B 1 per gram fed to weanling pigs caused pulmonary edema and death. Sterilized corn inoculated with Fusarium moniliforme and diluted 1:1 with clean corn contained fumonisin B, (17 µg/g) and caused acute pulmonary edema when fed for 5 days. Survivors developed subacute hepatotoxicosis with individual hepatocellular necrosis, hepatomegalocytosis, and increased numbers of mitotic figures. Similar liver lesions occurred in pigs given fumonisin B 1 intravenously at 0.8 mg/kg body weight for 14 days.
Previous experimental work established the chemical structure, toxic potential, and probable carcinogenic nature of Fusarium moniliforme and the associated toxin fumonisin B 1 (FB 1 ) in several animal speciesl-4,6,7,11 Previous experimental feeding of F. moniliforme culture material to swine resulted in pulmonary edema, 5 and pulmonary edema in swine was recently reported from natural exposure to the fungus and the associated toxin fumonisin B 1 via corn screenings. 3 However, except for equine leukoencephalomalacia (ELEM), large outbreaks of toxicosis associated with F. moniliforme in other species have not been reported. This report describes fumonisin associated toxicosis in swine herds in Iowa and Illinois.
During October and November 1989, the Iowa State University Veterinary Diagnostic Laboratory received numerous reports of an acute fatal porcine pulmonary edema (PPE) syndrome. Each instance was associated with feeding corn screenings from the 1989 harvest, and most deaths occurred in mature animals. Reports were primarily from the southeast quadrant of Iowa and the northwest corner of Illinois. Clinical course described by referring veterinarians included acute onset of dyspnea, weakness, cyanosis, and death. Abortions were observed from 1 to 4 days after the onset of acute signs. Pathologic findings included concurrent pulmonary edema and hydrothorax but no lesions of cardiac hemorrhage or necrosis. Deaths occurred with-in 4-10 days after the first feeding of corn screenings. The epizootiologic, clinical, and pathologic features of 16 PPE cases in Iowa and Illinois are described. In addition, the experimental confirmation of PPE and the association of FB 1 with hepatotoxicosis is reported.
Materials and methods
Field investigation. Clinical and epizootiologic information for 16 PPE cases was associated with the 1989 corn crop. Clinical signs and gross lesions were observed and described, and where available, corn or feed samples were collected for fumonisin analysis and fungal culture. Nine herds were visited by veterinarians from the Iowa State University Diagnostic Laboratory, and attending veterinarians and owners provided the demographic information shown in Table 1 . Multiple samples were taken from the corn supply at each site, and lung tissues for gross and microscopic evaluation were available from 8 herds.
Fungal culture. Corn and corn screenings (CS) were cultured initially on a modified pentachloronitrobenzene-selective medium, transferred to potato dextrose agar and carnation leaf agar, and identified. 8 Isolates were lyophilized and stored. a An isolate (MRC-3033) from a confirmed case of ELEM was cultured on sterilized corn. The culture flasks were incubated in the dark for 2 wk at 27 C followed by 2 wk at 15 C. The culture material (CM) was autoclaved, dried at 60 C for 2-3 days, ground to a uniform consistency, b and stored at 4 C.
Fumonisin assay. Samples of corn, CS, and CM were analyzed for FB 1 and FB 2 by thin-layer chromatography, gas chromatography-mass spectroscopy, high performance liquid chromatography (HPLC), and liquid secondary ion mass spectroscopy as previously reported. 10 Feeding study. Approximately 150 kg of CS was obtained from a farm where a typical outbreak of pulmonary edema and abortions had occurred. Ten weanling swine (7.25-15.25 kg) were randomly assigned to 5 groups of 2 pigs each. Groups 1, 2, and 3 were offered CS ad libitum. Analysis of blended CS revealed an FB 1 concentration of 92 µg/g. Group 4 was offered autoclaved CM mixed 1:1 with ground corn. Group 5 served as a control and was fed ground corn (<5 µg FB 1 / g) ad libitum. Feed consumption was recorded daily, and clinical observations were made 4 times each day. Surviving pigs were weighed on day 14 of the trial. These pigs and controls were offered their respective diets until day 21. Blood samples were collected from each pig just prior to beginning the feeding trial and from survivors at day 14. Routine clinical chemistry examinations were determined by automated analysis.'
Intravenous injection of FB 1 . Purified FB 1 d was dissolved in sterile distilled water, and the solution was assayed by HPLC and contained 2.3 mg of the mycotoxin per milliliter. Two weanling pigs (A and B, 6.0 and 7.0 kg, respectively) were injected daily into the cranial vena cava with 0.4 mg FB 1 /kg for 5 consecutive days. Subsequent daily dosages were increased to 0.8 mg/kg and continued through day 14 (pig A) and day 12 (pig B). Both pigs were euthanized by carbon dioxide inhalation followed by exsanguination and necropsy on day 14.
Postmortem examination. Pigs from field cases were examined by local attending veterinarians, and the results were reported to the Veterinary Diagnostic Laboratory. Tissue specimens from lung and heart were submitted for gross and microscopic evaluation. All pigs that died during the feeding trial were necropsied, and all other swine were euthanized, exsanguinated, and necropsied. Tissue specimens were fixed in 10% neutral buffered formalin, embedded in paraffin, sectioned at 5 µm, stained with hematoxylin and eosin (HE), and examined by light microscopy. Selected sections of lung were also stained with phosphotungstic acid hematoxylin (PTAH).
Results

Field investigation
In Iowa, 14 of 15 reported cases of PPE were from the southeast quadrant of the state. One case reported in Table 1 was from the northwest corner of Illinois, adjacent to southeastern Iowa.
Epidemiologic information for all 16 field cases is summarized in Table 1 . In 13 cases, CS were fed to sows as their only source of grain. The average time interval before appearance of clinical signs was 4.4 days. Onset of clinical signs was rapid, and often death occurred with no observed premonitory signs. Mean case attack rate was 25.9% but ranged from 1 to 100%. Mean case fatality was 70.3% and ranged from 2 to 100%. Average recovery time for affected animals that survived was 3.6 days.
Common clinical signs included lethargy; dyspnea with open mouthed breathing; cyanosis evident in skin, sclera, and mucous membranes; posterior weakness; recumbency; mild salivation; and moist rales. In 6 herds with known pregnant sows, 5 herds reported abortions in surviving sows within l-4 days. Approximately 60 days after the acute disease there were no reported Table 1 . Demographic characteristics of an outbreak of porcine pulmonary edema in Iowa and Illinois, 1989. persistent signs or sequelae except for 1 herd, which had a severe outbreak of swine influenza. None of the herds had continuing reproductive problems.
Fungal cultures
Fungal growth from 11 available CS was remarkably similar. Fusarium moniliforme was the only fungus recovered from 6 cases ( Table 2 ). In 5 cases, both F. proliferatum and F. moniliforme were isolated from the same sample.
Fumonisin assay
Samples from 14 affected herds were analyzed (Table  3 ). In most cases, CS associated with pulmonary edema contained >20 µg FB 1 /g. The CS used in the experimental feeding trial contained 92 µg FB 1 and 28 µg FB 2 /g. The CM plus corn fed to Group 4 swine contained 17 µg fumonisin FB 1 /g. Other mycotoxins (aflatoxins, vomitoxin, zearalenone, ochratoxin, and T-2 toxin) were not detected in the experimental diet.
Feeding study
Swine fed CS were clinically normal for 3 days. On day 4, these pigs developed cutaneous hyperemia, which was more prominent on the external ears. Feed consumption was depressed in the 3 groups fed CS, but pigs fed CM blended with corn had feed consumption similar to that of controls. Pigs 3, 4, and 6 receiving CS were lethargic, and pigs 4 and 6 had obvious increased respiratory rate. At 9 AM on day 5, these 3 pigs had increased respiratory rate, and pigs 4 and 6 had cutaneous erythema, most prominent on the external Pig 3 was found recumbent at 7 AM of day 6 and died at 8 AM. Pig 1 was also found dead at 7 AM on day 6. Pigs 7 and 8, fed a 1:1 mixture of CM and ground corn, remained clinically normal through day 4. On the morning of day 5, pig 7 was found dead, but pig 8 remained clinically normal throughout the study. Pigs 2 and 5 were lethargic and occasionally had cutaneous erythema but never displayed respiratory distress. However from day 15 through day 21, pig 5 developed clinical icterus characterized by yellow-orange skin, sclera, and oral mucous membranes. All pigs, including controls, failed to gain weight, but controls and the CM survivor (pig 8) remained alert and active. Clinical chemistry values from affected pigs are shown in Table  4 . Aspartate amino transferase (AST), gamma glutamyl transpeptidase (GGT), and total serum bilirubin were increased in pigs 2 and 5. similar (elevated AST, GGT, and bilirubin) to those for pigs that survived the CS feeding trial.
Postmortem examination
Intravenous injection of FB 1
Swine that died acutely from either field cases or the CS feeding trial had identical lesions. There was accumulation (200-350 ml/pig) of clear straw-colored thoracic transudate that clotted upon exposure to air. There was no evidence of inflammatory cells or erythrocytes in the thoracic fluid. Pigs A and B given FB 1 intravenously daily (0.4 mg/ kg body weight) were clinically normal through day 5. On day 6, the daily dosage was increased to 0.8 mg/ kg body weight, and clinical signs began to appear by day 7. These pigs became cachectic, and by day 12, icterus was obvious in the skin, sclera, and oral mucous membranes of both pigs. On day 14, the pigs were euthanized and necropsied. Clinical chemistry values for these pigs are presented in Table 4 . Results were Lungs of affected pigs were heavy and failed to collapse when removed from the thorax. The pattern of edema was predominantly interstitial and interlobular. Interlobular edema was most prominent at the pulmonary hilus but extended throughout the lung, separating lobules from one another by as much as 3-5 mm. When lung parenchyma was cut, free fluid exuded from the cut surface. Little or no excess fluid or froth was present in the bronchioles, bronchi, or trachea. Microscopic lesions were similar in all field cases and included the presence of acidophilic fibrillar material in many alveoli and interlobular lymphatics. This proteinaceous fluid, also abundant in the subpleural lymphatics, contained little or no cellular infiltrate. Alveolar septa, focally distributed throughout the lung, were minimally infiltrated by mononuclear cells and neutrophils. Some alveoli contained a few mononuclear cells. Abundant hyalinized alveolar capillary thrombi were present throughout the lungs of all pigs examined (Fig. 1) . These thrombi stained dark blue with PTAH.
In experimental cases, there was severe subpleural and interlobular edema characterized by the presence of abundant eosinophilic fibrillar material in alveolar air sacs and lymphatics. In focal areas, red blood cells and a few mononuclear cells were present in the edema. There was wide separation (but no edema present microscopically) between the tunica submucosa and the cartilage of the bronchi, with extension of this channel to the adjacent bronchiolar artery and vein and to the interlobular lymphatics. There was mild focal thickening of alveolar walls, with mononuclear cells and a few neutrophils. A prominent lesion was the presence of eosinophilic hyalinized alveolar capillary thrombi that stained dark blue with PTAH.
All other tissues were normal histopathologically with the exception of liver in 1 pig, which contained multiple foci of coagulative necrosis. Pigs that survived the CS feeding trial and the intravenous injection trial with no pulmonary edema had microscopic liver lesions, including random hepatocellular necrosis, nuclear pleomorphism, and distorted hepatocytes (Fig. 2) , hepatomegalocytosis, and increased numbers of mitotic figures. In some sections, single cell necrosis was prevalent (Fig. 3 ). In addition, 1 pig in the intravenous injection trial had scattered focal areas of pancreatic necrosis.
Discussion
The consistent history of CS as the major source of diet during the harvest period led to the probable involvement of corn from the 1989 harvest as the causative agent. In all cases, when CS were removed from the diet clinical signs subsided. The consistent lesion was similar to that in an earlier report that experimentally linked pulmonary edema in swine to feeding of corn inoculated with F. moniliforme. 5 In that study, the incidence (2 of 3 pigs affected) was similar to that in our field cases. In addition, time from initial feeding to death from pulmonary edema was almost identical to that for the cases described here. Our field experiences also are very similar to 2 cases in Georgia. 3 In the present study, there is a wider range of responses for the parameters of case attack rate, case fatality rate, and time to onset of clinical signs. This variation is not surprising when a larger number of cases is evaluated, and the present study may aid in establishing the probable expected limits of these parameters.
From the fungal cultures, the predominate isolate was F. moniliforme, with occasional F. proliferatum. These species were found in pure culture or concomitant but to the exclusion of other expected normal mycoflora. The significance of these 2 fungi is strengthened by the role of F. moniliforme and fumonisins in the etiology of ELEM, which also occurred with increased incidence in association with CS from the 1989 crop. 4, 7, 12 Furthermore, the strain of F. moniliforme (3033) used to produce the CM for the feeding trial was an isolate from a documented Iowa case of ELEM. A previous report confirmed that the same culture of F. moniliforme that caused ELEM also caused acute porcine pulmonary edema?
Herds with pregnant sows experienced abortions in some affected animals within 3 days after onset of acute clinical signs. The relationship between abortions and fumonisin consumption is unknown. However, experimental feeding of corn contaminated with 26 µg and 100 µg FB 1 /g during the last trimester of pregnancy failed to cause abortions or other abnormalities in piglet survival (G. D. Osweiler, unpublished data).
Corn screenings infected with F. moniliforme and contaminated with 92 µg FB 1 /g induced pulmonary edema characteristic of the field cases in 4 of 6 pigs. Culture material and corn containing 17 µg FB 1 /g produced pulmonary edema in 1 of 2 pigs. These results are similar to those of previous reports and further enhance the probable etiologic role of F. moniliforme and fumonisins in the pulmonary edema syndrome. 3, 5, 9 However, based on continuing experimental studies and field observations, a threshold concentration has been difficult to establish. Both time and dosage considerations remain to be established, and the importance of FB 2 or other potential interacting toxins or external factors has not been investigated.
The results of this study suggest that fumonisins may cause hepatotoxicosis in swine that are not affected with pulmonary edema. Exposure to both FB 1 -contaminated CS and purified FB 1 given intravenously has consistently resulted in hepatotoxicosis. 3, 9 In horses, FB 1 is recognized as a hepatotoxin, and liver damage is often part of the ELEM syndrome. 6, 7 Experimentally, liver damage has been produced by F. moniliforme cultures or by FB 1 , and both the fungus and the toxin have been implicated as hepatocarcinogens. 2 , 7 , 9 In the present study, intravenous administration of FB 1 resulted in hepatotoxicosis, as did feeding contaminated CS for 3 weeks. Two other experimental reports of FB 1 toxicosis in swine have described hepatic damage as a prominent feature. 3 , 9 This epizootic occurred within a very limited time frame in a rather closely confined geographic area and was largely associated with feeding of CS. Only 2 confirmed cases have been reported to the Iowa State University Veterinary Diagnostic Laboratory since November 1989. This drop in number of cases may be due in part to the limited feeding of CS after the 1989 harvest season. Screenings are the most likely source of highly concentrated amounts of fumonisins. Additional data on a multitude of factors relative to the significance of this toxin for swine are needed. 
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